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Description 
TECHNICAL FIELD 

5 The present invention relates to a process for producing a solid dispersion. More particularly, the invention relates 

to a process for producing a solid dispersion utilizing a twin-screw extruder, which finds application chiefly in the field of 
pharmaceutical manufacture. 

The term 'solid dispersion* is used herein to mean a drug-containing pharmaceutical bulk substance comprising the 
drug dissolved or dispersed in a polymer. 

10 

BACKGROUND ART 

Solid dispersions are of use for an enhanced solubility of drugs or for controlling the rate of release of a drug from 
a dosage form or improving the bioavailability of drugs, thus being of significant commercial value. 
is The conventional technology for the production of a solid dispersion includes a fusion process which is character- 
ized by melting a drug and a polymer together at elevated temperature and, then, cooling the melt to solidify, a solvent 
process which is characterized by dissolving a drug and a polymer in an appropriate solvent and, then, removing the 
solvent, and a fusion-solvent process which has the characteristics of said processes. 

However, the fusion process has the disadvantage that it cannot be applied to a drug or polymer which is, or is likely 
20 to be, thermally degraded. 

The solvent process is free from the above-mentioned disadvantage of the fusion process but because it employs 
an organic solvent such as an alcohol or a chlorine-containing solvent, this process has the following disadvantages. 

(1) When an alcohol is used as the solvent, strict measures must be provided for the prevention of an explosion 
25 hazard during production. 

(2) Since organic solvents have fairly high affinites for the polymer, they cannot be easily removed from the product 
solid dispersions. 

(3) Removal of the solvent necessarily results in its diffusion into the atmosphere to cause an atmospheric pollu- 
tion, 

30 (4) After removal of the solvent, the solid dispersion adhering intimately to the vessel wall cannot be easily with- 
drawn from the vessel. 

From EP-A-0,240.906 a continuous process for preforming of extrudable pharmaceutical mixtures is known. Noth- 
ing con be derived from said document that by the known method a solid dispersion may be obtained or a twin-screw 
35 extruder equipped with paddle means should be used. 

DISCLOSURE OF INVENTION 

The object of the present invention is to establish an improved process for producing a solid dispersion which has 
40 overcome the above-mentioned inherent disadvantages of the fusion and solvent processes. 

Said object is met by the present invention according to claim 1. Preferred embodiments are derivable from the 
dependent sub-claims. 

The substantive feature of the present invention resides in the processing of the drug, polymer and other compo- 
nents for a solid dispersion by utilizing a twin-screw extruder. 
45 The present invention is now described in detail. 

The twin-screw extruder is a forward-discharge extruder-granulator characterized by the use of a couple of screws, 
which differentiate the machine from the so-called single-screw extruder. To be more specific, the twin-screw extruder 
comprises a metering feeder unit, a barrel (cylinder), screws, paddle means, screw shafts, barrel heater-cooler means, 
exit dies (cooling die, heating die, molding die) and extrudate cutter and provides for a free variation of compounding 
50 pressure and molding temperature through a choice of screw geometry, rotational speed, and screw elements to be 
mounted on the screw shafts. Furthermore, if necessary, the barrel can be used in a variety of combinations of length 
and type according to the intended use and its temperature can also be controlled as desired. 

Thus, the twin-screw extruder processes the feed with two screws and provides for change of the combination of 
axial screw elements so that it has many definite advantages over the single-screw extruder, viz. 

55 

(1) In the twin-screw extruder, the respective screws influence each other so that the material is not rotated together 
with the screws and, hence, the compounding is not much influenced by characteristics of the material. Therefore, 
the twin-screw extruder is capable of processing an oil-rich or water-rich material which cannot be successfully 
processed by the single-screw extruder. 
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(2) Compared with the single-screw extruder, the twin-screw extruder is by far superior in shear force, compounding 
effect and transport capacity. Therefore, in the processing of a protein, for instance, the structurization of the protein 
which cannot be achieved with the single-screw extruder can be accomplished with the twin-screw extruder. 

(3) The twin-screw extruder features a minimum heat of friction of the barrel and is, therefore, conducive to the ease 
of temperature control. As a consequence, the twin-screw extruder is more suited for pharmaceuticals which are 
vulnerable to high temperature. 

The polymer to be used in the present invention can be virtually any natural or synthetic polymer that can be gen- 
erally used as a raw material in the manufacture of pharmaceutical products and such that its functions are not 
adversely affected by the passage through the small die orifice or orifices of the twin-screw extruder. 

Among such polymer are pH-dependent polymers, pH-independent polymers and water-soluble polymers, for 
instance, and specifically include the following. 

Hydroxypropylmethylcellulose phthalate 220824 (HP50), hydroxypropylmethylcellulose phthalate 220731 (HP55), 
hydroxypropylmethylcellulose acetate succinate (AQOAT), carboxymethylethylcellulose (CMEC), cellulose acetate 
phthalate (CAP), methacrylic copolymer LD (L30D55), methacrylic copolymer S (S-100), aminoalky! methacrylate 
copolymer E (gastric coating base), poly(vinyl acetal) diethylaminoacetate (AEA), polyvinylpyrrolidone (K-25, 30, 90; 
PVP). ethylcellulose (EC), methacrylic copolymer RS (RS 30D), polyvinyl alcohol (PVA), methylcellulose (MC), hydrox- 
ypropylcellulose (HPC). hydroxypropylmethylcellulose 2208 (Metolose 90SH), hydroxypropylmethylcellulose 2906 
(Metolose 65SH), hydroxypropylmethylcellulose 2910 (Metolose 60SH), carboxymethylcellulose sodium (sodium cellu- 
lose glycolate), dextrin, pullulan, Acacia, tragacanth, sodium alginate, propylene glycol alginate, agar powder, gelatin, 
starch, processed starch, phospholipids (lecithin), glucomannan and so on. 

The polymers can be used independently or, if necessary, in a combination of two or more species. 

The particle diameter of said polymer need not necessarily be finer that the size which can be fed from the hopper 
to the body of the twin-screw extruder and is generally not greater than 7000 ^m and preferably not greater than 2000 
jam. Coarser polymers can also be used by comminuting them beforehand. 

The processing parameters such as pressure, temperature, feed rate of material, amounts and feed rates of water, 
plasticizer and other additives in the production process of the present invention are dependent on the type of drug and 
of polymer, the twin-extruder model used and other conditions but it is important to select a combination of parameters 
such that the drug, polymer, etc. will be maintained at temperatures below their decomposition points and vary the oper- 
ating parameters according to the desired characteristics of the product. 

The compounding ratio of the drug to the polymer should vary with the species of drug and of polymer, the objec- 
tive, film characteristics and so on. Based on each part of the drug, the proportion of the polymer is generally 0.1 to 999 
parts, preferably 0.5 to 500 parts and for still better results, 1 to 50 parts. 

When the system contains a thermally labile drug and/or polymer, an aqueous solution or dispersion of a plasticizer 
may be added to the material prior to feeding to the twin-screw extruder or during compounding. Since this practice low- 
ers the transition temperature of the polymer, the molding temperature setting can then be lower than the decomposi- 
tion points of the drug and polymer to prevent thermal degradation of the drug and polymer. Of course, an aqueous 
plasticizer solution or dispersion may be added in the same manner when no heat-labile drug or polymer is contained 
in the system. 

As the plasticizer which can be used for depressing the transition temperature of the polymer, those compounds 
which are generally used as plasticizers for film coating compositions in the pharmaceutical field can be mentioned. For 
example, the following compounds can be mentioned. 

Cetanol, medium chain triglycerides, polyoxyethylene-polyoxypropylene glycol (Pluronic), macrogols (200, 300, 
400, 600, 1000, 1500, 1540, 4000, 6000, 20000), triacetin, triethyl citrate (Citroflex), etc. 

It should be understood that the plasticizer which can he used in the present invention is not limited to the species 
mentioned above but can be any compound having the property to lower the transition temperature of the polymer. 

The level of addition of said plasticizer is dependent on the types of drug and polymer used but is appropriately 1 
to 80% and preferably 5 to 50% relative to the polymer. 

The method for addition of the plasticizer may be direct addition to the system containing the polymer and the drug 
before compounding or addition of an aqueous solution or dispersion of the plasticizer in the course of molding. There 
is no particular limitation on the method of addition. 

The drug which can be used in the present invention is not particularly limited but is preferably a non-heat-labile 
drug, particularly a drug which is not decomposed at any temperature not exceeding 50°C. As such drugs, there can 
be mentioned the following, among others. 

1. Antipyretic, analgesic and antiinflammatory agents 

Indomethacin, aspirin, diclofenac sodium, ketoprofen, ibuprofen, mefenamic acid, dexamethasone, dexameth- 
asone sodium sulfate, hydrocortisone, prednisolone, azulene, phenacetin, isopropylantipyrine, acetaminophen, 
benzydamine hydrochloride, phenylbutazone, flufenamic acid, sodium salicylate, choline salicylate, Sasapyrine 
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(salsalate), clofezone, etodoiac. 

2. Antiulcer agents 

Sulpiride, cetraxate hydrochloride, gefarnate, irsogladine maleate, cimetidine, ranitidine hydrochloride, famoti- 
dine, nizatidine, roxatidine acetate hydrochloride. 

3. Coronary vasodilators 

Nifedipine, isosorbide dinitrate, diltiazem hydrochloride, trapidil, dipyridamole, dilazep dihydrochloride, methyl 
2,6-dimethyl-4-(2-nitrophenyl)-5-(2-oxo-1 l 3,2-dirc^ vera- 
pamil, nicardipine, nicardipine hydrochloride, verapamil hydrochloride. 

4. Peripheral vasodilators 

Ifenprodil tartrate, cinepazide maleate, cyclandelate, cinnarizine, pentoxiphylline. 

5. Antibiotics 

Ampicillin, amoxicillin, cefalexin, erythromycin ethyl succinate, bacampicillin hydrochloride, minocycline hydro- 
chloride, chloramphenicol, tetracycline, erythromycin. 

6. Synthetic antimicrobial agents 

Nalidixic acid, piromidic acid, pipemidic acid trihydrate, enoxacin, cinoxacin, ofloxacin, norfloxacin, cipro- 
floxacin hydrochloride, sulfamethoxazole-trimethoprim, 6-f luoro-1 -methyl-7-[4-(5-methyl-2-oxo-1 ,3-dioxolen-4- 
yl)methyl-1 -piperazinyl]-4-oxo-4H[1 ,3]-thiazeto[3.2-a]quinoline-3-carboxylic acid. 

7. Antispasmodic agents 

Propantheline bromide, atropine sulfate, oxapium bromide, timepidium bromide, scopolamine butylbromide, 
trospium chloride, butropium bromide, N-methylscopolamine methylsulfate, octatropine methylbromide. 

8. Antitussive and antiasthmatic agents Theophylline, aminophylline, methylephedrine hydrochloride, 

procaterol hydrochloride, trimethoquinol hydrochloride, codeine phosphate, cromoglicate sodium, tranilast, 
dextromethorphan hydrobromide, dimemorfan phosphate, clobutinol hydrochloride, fominoben hydrochloride, ben- 
properine phosphate, tipepidine hibenzate, eprazinone hydrochloride, clofedanol hydrochloride, ephedrine hydro- 
chloride, noscapine, carbetapentane citrate, oxeladin tannate, isoaminile citrate. 

9. Bronchodilators 

Diprophylline, salbutamol sulfate, clorprenaline hydrochloride, formoterol fumarate, orciprenaline sulfate, pir- 
buterol hydrochloride, hexoprenaline sulfate, bitolterol mesilate, clenbuterol hydrochloride, terbutaline sulfate, 
mabuterol hydrochloride, fenoterol hydrobromide, methoxyphenamine hydrochloride. 

10. Diuretics 

Furosemide, acetazolamide, trichlormethiazide, cyclothiazide, hydrochlorothiazide, hydroflumethiazide ethi- 
azide, cyclopentiazide, spironolactone, triamterene, chlorothiazide, piretanide. mefruside, etacrynic acid, azosem- 
ide, clofenamide. 

11. Muscle relaxants 

Chlorophenesin carbamate, tolperisone hydrochloride, eperisone hydrochloride, tizanidine hydrochloride, 
mephenesin, chlorzoxazone, phenprobamate, methocarbamol, chlormezanone, pridinol mesilate, afloqualone, 
baclofen, dantrolene sodium. 

12. Cerebral metabolism improving agents 
Meclofenoxate hydrochloride. 

13. Minor tranquilizers 

Oxazolam, diazepam, clonazepam, medazepam, temazepam, fludiazepam, meprobamate, nitrazepam, chlo- 
rdiazepoxide. 

14. Major tranquilizers 

Sulpiride, clocapramine hydrochloride, zotepine, chloropromazine, haloperidol. 

15. p-Blockers 

Pindolol, propranolol hydrochloride, carteolol hydrochloride, metoprolol tartrate, labetalol hydrochloride, oxpre- 
nolol hydrochloride, acebutolol hydrochloride, bufetolol hydrochloride, alprenolol hydrochloride, arotinolol hydro- 
chloride, nadolol, bucumolol hydrochloride, indenolol hydrochloride, timolol maleate, befunolol hydrochloride. 

16. Antiarrhythmic agents 

Procainamide hydrochloride, disopyramide, ajmaline, quinidine sulfate, aprindine hydrochloride, propafenone 
hydrochloride, mexiletine hydrochloride. 

17. Antigout agents 

Allopurinol, probenecid, colchicine, sulfinpyrazone, benzbromarone, bucolome. 

1 8. Anticoagulants 

Ticlopidine hydrochloride, dicoumarol, warfarin potassium. 

19. Antiepileptics 

Phenytoin, sodium valproate, metharbital, carbamazepine. 

20. Antihistaminics 

Chlorpheniramine maleate, clemastine fumarate, mequitazine, alimemazine tartrate, cyproheptadine hydro- 
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chloride. 

21. Antiemetics 

Difenidol hydrochloride, metoclopramide, domperidone, betahistine mesilate, trimebutine maleate. 

22. Antihypertensive agents 

Dimethylaminoethyl reserpilinate hydrochloride, rescinnamine, methyldopa, prazosin hydrochloride, bunazosin 
hydrochloride, clonidine hydrochloride, budralazine, urapidil. 

23. Sympathomimetic agents 

Dihydroergotamine mesilate, isoproterenol hydrochloride, etilefrine hydrochloride. 

24. Expectorants 

Bromhexine hydrochloride, carbocysteine, cysteine ethyl ester hydrochloride, cysteine methyl ester hydrochlo- 
ride. 

25. Oral antidiabetic agents 

Glibenclamide, tolbutamide, glymidine sodium. 

26. Cardiovascular system drugs 
Ubidecarenone, ATP 2Na. 

27. Iron preparations 

Ferrous sulfate, dried iron sulfate. 

28. Vitamins 

Vitamin B 1( vitamin B 2> vitamin B 6 , vitamin B 12 , vitamin C, folic acid. 

29. Therapeutic agents for pollakiuria 

Flavoxate hydrochloride, oxybutynin hydrochloride, terodiline hydrochloride, 4<Jiethylamino-1,1-dimethyl-2- 
butynyl (+)-a-cyclohexyl-a-phenylglycolate hydrochloride monohydrate. 

30. Angiotensin converting enzyme inhibitors 
Enalapril maleate, alacepril, delapril hydrochloride. 

The solid dispersion prepared according to the invention can be easily comminuted using an appropriate mill or the 
like to provide a finely divided solid dispersion, which can be directly utilized as powders or granules. It can also be proc- 
essed into a variety of dosage forms for oral administration, such as tablets, granules, fine granules, capsules, semi- 
solid dispersion-filled capsules, oily substance-filled capsules and so on. 

In October 1991, a technology for the manufacture of a controlled release dosage form utilizing a single-screw 
extruder was disclosed (CapsuleNews, June/July, Vol. 1 , No. 3, Warner-Lambert Co.). 

However, the technology disclosed in the above literature is a process using a single-screw extruder which is by far 
interior to the twin-screw extruder as pointed out hereinbefore and the product is also distinct from the solid dispersion 
provided by the process of the present invention. Furthermore, the above technology is intended for the manufacture of 
a slow release dosage form and this slow release dosage form is manufactured at high temperature. 

Therefore, the above technology is irrelevant to the process of the invention which is intended for the manufacture 
of a solid dispersion overcoming the disadvantages of the prior art fusion and solvent processes. 

EFFECTS OF INVENTION 

In accordance with the present invention, a solid dispersion can be provided without exposing the drug and polymer 
to high temperature and without use of any organic solvent. 

In accordance with the invention, a solid dispersion can be molded and taken out in a pure form and a solid disper- 
sion of any desired size and shape can be manufactured by varying the discharge die orifice diameter and configura- 
tion. 

Furthermore, other disadvantages of the fusion and solvent processes are successfully obviated. 

BEST MODE OF PRACTICING THE INVENTION 

The following examples, comparative Examples and Test Examples are intended to describe the present invention 
in further detail. 

Example 1 

Five-hundred (500) grams of Compound A (compound name: methyl 2,6-dimethyl-4-(2-nitrophenyI)-5-(2-oxo-1 ,3,2- 
dioxaphosphorinan-2-yl)-1,4-dihydropyridine-3-carboxylate; the same applies hereinafter) was pulverized and this bulk 
powder (mean particle diameter: 60 urn) was blended with 2500 g of hydroxypropylmethylcellulose acetate succinate 
(tradename: AQOAT, AS-MF, Shin-etsu Chemical; the same applies hereinafter). Then, while a small quantity of water 
was added, the mixture was processed using a twin-screw extruder (KEX-30, Kurimoto Iron Works; the same applies 



EP 0 580 860 B1 



hereinafter) equipped with a 4 mm 0 x 2-orrfice die at a barrel temperature of 100 °C and an extrusion speed of 200 
rpm to provide an extrudate (solid dispersion}. 

This extrudate was pulverized in a sample mill (Model AP-S, Hosokawa iron Works; the same applies hereinafter) 
and the finely-divided powder thus obtained was used as samples for the release test [150-212 *im (65-100 mesh)], 
power X-ray diffraction analysis [63 jim (250 mesh)pass] and solubility [150-212 \im (65-100 mesh)]. 

Example 2 

Five-hundred (500) grams of indomethacin was blended with 2500 g of hydroxypropylmethylcellulose phthalate 
(tradename: HPMCP, HF-55F grade, Shin-etsu Chemical; the same applies hereinafter), and while a 50% (w/w) aque- 
ous solution of triethyl citrate was added, the composition was molded using a twin-screw extruder equipped with a 4 
mm 0 2-orifice die at a barrel temperature of 80°C and an extrusion speed of 200 rpm to provide an extrudate (solid 
dispersion). 

This extrudate was comminuted in a sample mill and the resulting finely divided powder was used as samples for 
the release test, powder X-ray diffraction analysis and solubility. 

Example 3 

Five-hundred (500) grams of indomethacin was blended with 1500 g of polyvinyl acetal) diethylaminoacetate 
(trademark: AEA, Sankyo Organic Chemicals) and while a 50% (w/w) aqueous solution of triacettn was added, the com- 
position was molded using a twin-screw extruder equipped with a 4 mm 0 x 2-orifice die at a barrel temperature of 90°C 
and an extrusion speed of 200 rpm to provide an extrudate (solid dispersion). 

Example 4 

Two-hundred (200) grams of Compound B (compound name: 4-diethylamino- 1,1 -dimethyl -2-butynyl (+)- a- 
cydohexyl-a-phenyi-glycolate hydrochloride monohydrate) was blended with 1600 g of methacrylic copolymer LD 
(tradename: Eudragit, grade L30D55. available from K.K. Higuchi Shokai) and 200 g of wheat starch. Then, while water 
was added (poured), the composition was molded using a twin-screw extruder equipped with a 4 mm 0 x 2-orifice die 
at a barrel temperature of 100 °C and an extrusion speed of 200 rpm to provide an extrudate (solid dispersion). 

Example 5 

Two-thousand (2000) grams of a 1 :1 (w/w) mixture of indomethacin and ethyl cellulose (tradename: Ethocel. STD- 
45 type, Dow Chemical) was weighed out and wheat starch was added at the three levels of 300 g, 500 g and 1000 g. 
While a 5% (w/w) aqueous solution of triacetin was added at the rate of 5 ml/min., each of the above mixtures was 
molded using a twin-screw extruder equipped with 4 mm 0 x 2-orifice die at a barrel temperature of 80°C and an extru- 
sion speed of 200 rpm to provide an extrudate (solid dispersion). Each of these extrudates was pulverized in a sample 
mill and the resulting finely divided powder [150-212 jim (65-100 mesh)] was used as test samples. 

Example 6 

Three-hundred (300) grams of nifedipine was blended with 1500 g of hydroxypropylmethylcellulose acetate succi- 
nate and while water was added, the composition was molded using a twin-screw extruder equipped with 4 mm 0x2- 
orifice die at a barrel temperature of 100 °C and an extrusion speed of 200 rpm to provide an extrudate (solid disper- 
sion). 

This extrudate was pulverized in a sample mill and the resulting finely divided powder was used as samples for the 
release test [150-212 urn (65-100 mesh)], power X-ray diffraction analysis [63 jim (250 mesh)pass] and solubility [150- 
212 urn (65-100 mesh)]. 

Example 7 

Two-hundred (200) grams of oxybutynin hydrochloride was blended with 1000 g of hydroxypropylmethylcellulose 
acetate succinate and while water was added, the composition was molded using a twin-screw extruder equipped with 
2 mm 0 x 3-orifice die at a barrel temperature of 100 °C and an extrusion speed of 200 rpm to provide an extrudate 
(solid dispersion). 

This extrudate was pulverized in a sample mill and the resulting finely divided powder was used as samples for the 
release test [150-212 urn (65-100 mesh)], power X-ray diffraction analysis [63 jim (250 mesh)pass] and solubility [150- 
212 *im (65-100 mesh)]. 
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Example 8 

Two-hundred (200) grams of nicardipine hydrochloride was blended with 1000 g of hydroxypropylmethylcellulose 
phthalate and while a 50% (w/w) aqueous solution of propylene glycol was added, the composition was molded using 
5 a twin-screw extruder equipped with 2 mm 0 x 3-orif ice die at a barrel temperature of 80°C and an extrusion speed of 
200 rpm to provide an extrudate (solid dispersion). 

This extrudate was pulverized in a sample mill and the resulting finely divided powder was used as samples for the 
release test [150-212 (65-100 mesh)], power X-ray diffraction analysis [63 ^m (250 mesh)pass] and solubility [150- 
212 urn (65-100 mesh)]. 

10 

Example 9 

Five-hundred (500) grams of diclofenac sodium was blended with 2500 g of hydroxypropylmethylcellulose phtha- 
late and while a 50% (w/w) aqueous solution of triethyl citrate was added, the composition was molded using a twin- 
15 screw extruder equipped with 4 mm0 x 2 -orifice die at a barrel temperature of 80°C and an extrusion speed of 150 rpm 
to provide an extrudate (solid dispersion). 

This extrudate was pulverized in a sample mill and the resulting finely divided powder was used as samples for the 
release test [150-212 urn (65-100 mesh)], power X-ray diffraction analysis [63 jim (250 mesh)pass] and solubility 
[1 50*im-21 2 tim (65-100 mesh)]. 

20 

Comparative Example 1 Solvent Process 

Five (5) grams of Compound A and 25 g of hydroxypropylmethylcellulose acetate succinate were weighed out and 
dissolved by addition of 700 ml of ethanol and 300 ml of methylene chloride. Then, using a rotary evaporator, the solvent 
25 was thoroughly evaporated at 50 °C to provide a solid (solid dispersion). This solid was pulverized in a table-top com- 
pact mill and the resulting fine powder was size-selected to provide comparative test samples for the release test [150- 
212 ^m (65-100 mesh)], powder X-ray diffraction analysis [63 urn (250 mesh)pass] and solubility test [150-212 pm (65- 
100 mesh)]. 

30 Comparative Example 2 

Five (5) grams of nifedipine and 25 g of hydroxypropylmethylcellulose acetate succinate were weighed out and dis- 
solved by addition of 700 ml of ethanol and 300 ml of methylene chloride. Then, using a rotary evaporator, the solvent 
was thoroughly evaporated at 50 °C to provide a solid (solid dispersion). This solid was pulverized in a table-top com- 
35 pact mill and the resulting fine powder was size-selected to provide comparative test samples for the release test [1 50- 
212 \im (65-100 mesh)], powder X-ray diffraction analysis [63 urn (250 mesh)pass] and solubility test [150-212 urn (65- 
100 mesh)]. 

Comparative Example 3 

40 

Five (5) grams of oxybutynin hydrochloride and 25 g of hydroxypropylmethylcellulose acetate succinate were 
weighed out and dissolved by addition of 700 ml of ethanol and 300 ml of methylene chloride. Then, using a rotary evap- 
orator, the solvent was thoroughly evaporated at 50°C to provide a solid (solid dispersion). This solid was pulverized in 
a table-top compact mill and the resulting fine powder was size-selected to provide comparative test samples for the 
45 release test [150-212 jim (65-100 mesh)], powder X-ray diffraction analysis [63 jim (250 mesh)pass] and solubility test 
[150-212 pm (65-100 mesh)]. 

Comparative Example 4 

so Five (5) grams of nicardipine hydrochloride and 25 g of hydroxypropylmethylcellulose phthalate were weighed out 
and dissolved by addition of 700 ml of ethanol and 300 ml of methylene chloride. Then, using a rotary evaporator, the 
solvent was thoroughly evaporated at 50 °C to provide a solid (solid dispersion). This solid was pulverized in a table-top 
compact mill and the resulting fine powder was size-selected to provide comparative test samples for release test [150- 
212 urn (65-100 mesh)], powder X-ray diffraction analysis [63 urn (250 mesh)pass] and solubility test [150-212 urn (65- 

55 100 mesh)]. 

Comparative Example 5 

Five (5) grams of diclofenac sodium and 25 g of hydroxypropylmethylcellulose phthalate were weighed out and dis- 
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solved by addition of 700 ml of ethanol and 300 ml of methylene chloride. Then, using a rotary evaporator, the solvent 
was thoroughly evaporated at 50 °C to provide a solid (solid dispersion). This solid was pulverized in a table-top com- 
pact mill and the resulting fine powder was size-selected to provide comparative test samples for the release test [150- 
212 urn (65-100 mesh)] and powder X-ray diffraction analysis [63 urn (250 mesh)pass]. 

Test Example 1 

The release test was carried out with the solid dispersions prepared in Example 1 (extruded product) and Compar- 
ative Example 1 . As shown in Fig. 1 , there was no release of Compound A under the conditions of JP Test Solution 1 
(pH 1.2), 900 ml test solution and paddle speed 100 rpm. On the other hand, a quick release was obtained under the 
conditions of JP Test Solution 2 (pH 6.8), 900 ml test solution and paddle speed 100 rpm. 

The above results indicated that the finely divided powder according to the process of the invention has the function 
of acting as an enteric coated product. 

Test Example 2 

The solid products obtained in Example 1 and Comparative Example 1 were subjected to powder X-ray diffraction 
analysis. As shown in Fig. 2, the results showed the disappearance of peaks of Compound A crystals which had been 
observed with the bulk powder and a 1 :1 physical mixture. 

Test Example 3 

The solubility of the test sample prepared in Example 1 was determined. As shown in Table 1 , there was found an 
approximately 4-fold increase in solubility as compared with the bulk substance. This solubility value approximated that 
of the solid dispersion prepared by the solvent process in Comparative Example 1 . 



Table 1 





Example 1 


Comparative Example 1 


Compounding ratio (Compound AiAQOAT) 


1:5 


1:5 


Solubility of Compound A in solid dispersion (ng/ml)(1) 


155 


146 


Solubility of Compound A bulk substance Qig/ml)(2) 


36.5 


36.5 


Solubility ratio [(1)/(2)] 


4.2 


4.0 


Test method: 

Saturation dissolution method 
Test conditions: 

Constant-temperature bath (25°C) 
Monocin (24-hr shaking, 24 cycles/min.) 
JP Test Solution 2 

Ultracentrifugation: 40000 rpm x 1 hr; the supernatant analyzed by HPLC. 



The results of Test Examples 1 , 2 and 3 indicate that the extrudate retains the fundamental properties of an enteric 
coated product and, yet, has been converted to a solid dispersion. 

Test Example 4 

The release test was carried out with the sample prepared in Example 2. As shown in Fig. 3, there was no release 
of indomethacin in JP Test Solution 1 (pH 1 .2). On the other hand, a quick release was obtained in JP Test Solution 2 
(pH 6.8). 

The above results indicated that the finely divided powder according to the process of the invention has the function 
of acting as an enteric coated product. 

Test Example 5 

The sample obtained in Example 2 was subjected to powder X-ray diffraction analysis. As shown in Fig. 4, the 
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results showed the disappearance of peaks of indomethacin crystals which had been observed with the bulk powder 
and a 1:1 physical mixture. 

Test Example 6 

5 

The solubility of the solid dispersion prepared in Example 2 (extruded product) was determined. There was found 
an approximately 2-fold increase in solubility as compared with the bulk substance. This solubility value approximated 
that of the solid dispersion prepared by the solvent process. 

w Test Example 7 

The 35 mg indomethacin equivalent of the sample obtained in Example 5 was weighed and added to 900 ml of JP 
Test Solution 1 (pH 1.2) and the release test was carried out at a paddle speed of 100 rpm using a measuring wave- 
length of 320 nm. The result shown in Fig. 5 indicates that the release of indomethacin was suppressed and that the 
is rate of release increased with an increasing amount of wheat starch added. 

Test Example 8 

The release test was carried out with the solid dispersions prepared in Example 6 and Comparative Example 2. As 
20 shown in Fig. 6, there was no release of nifedipine in JP Test Solution 1 (pH 1.2). On the other hand, a quick release 
was obtained in JP Test Solution 2 (pH 6.8). 

The above results indicated that the finely divided powder according to the process of the invention has the function 
of acting as an enteric coated product. 

25 Test Example 9 

The solid products obtained in Example 6 and Comparative Example 2 were subjected to powder X-ray diffraction 
analysis. As shown in Fig. 7, the results showed the disappearance of peaks of nifedipine crystals which had been 
observed with the bulk powder and a 1 :1 physical mixture. 

30 

Test Example 10 

The solubility of the solid products prepared in Example 6 and Comparative Example 2 was determined. As shown 
in Table 2, there was found an approximately 5-fold increase in solubility as compared with the bulk substance. This sol- 
35 ubility value was close to that of the solid dispersion prepared by the solvent process in Comparative Example 2. 



Table 2 



40 




Example 6 


Comparative Example 2 


Compounding ratio (Nifedipine :AQOAT) 


1:5 


1:5 




Solubility of nifedipine in solid dispersion frig/ml)(1) 


26.3 


28.6 ; 




Solubility of nifedipine bulk substance frig/ml)(2) 


5.6 


5.6 


45 


Solubility ratio [(1)/(2)J 


4.7 


5.1 


50 


Test method: 

Saturation dissolution method 
Test conditions: 

Constant-temperature bath (25°C) 
Monocin (24-hr shaking, 24 cycles/min.) 
JP Test Solution 2 

Ultracentrifugation: 40000 rpm x 1 hr; the supernatant analyzed by HPLC. 



55 

The results of Test Examples 8, 9 and 10 indicate that the extrudate containing nifedipine retains the fundamental 
properties of an enteric coated product and, yet, has been converted to a solid dispersion. 
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Test Example 1 1 

The release test was carried out with the solid dispersions prepared in Example 7 and Comparative Example 3. As 
shown in Fig. 8, there was no release of oxybutynin hydrochloride in JP Test Solution 1 (pH 1 .2). On the other hand, a 
5 quick release was obtained in JP Test Solution 2 (pH 6.8). 

The above results indicated that the finely divided powder provided by the process of the invention has the function 
of acting as an enteric coated product. 

Test Example 12 

10 

The solid dispersions obtained in Example 7 and Comparative Example 3 were subjected to powder X-ray diffrac- 
tion analysis. As shown in Fig. 9. the patterns showed the disappearance of peaks of oxybutynin hydrochloride crystals 
which had been observed with the bulk powder and a 1 :1 physical mixture. 

15 Test Example 13 

The solubility of the solid dispersions prepared in Example 7 and Comparative Example 3 were determined. As 
shown in Table 3, there was found an approximately 3-fold increase in solubility as compared with the bulk substance. 
This solubility value approximated that of the solid dispersion prepared by the solvent process in Comparative Example 

20 3. 



Table 3 



25 




Example 7 


Comparative Example 3 


Compounding ratio (oxybutynin hydrochloride:AQOAT) 


1:5 


1:5 




Solubility of oxybutynin hydrochloride in solid disper- 
sion (^g/ml) (1) 


473.4 


490.1 


30 


Solubility of oxybutynin hydrochloride bulk substance( 
jig/ml) (2) 


162.5 


162.5 




Solubility ratio [(1)/(2)] 


2.9 


3.0 


35 
40 


Test method: 

Saturation dissolution method 
Test conditions: 

Constant-temperature bath (25°C) 
Monocin (24-hr shaking, 24 cycles/min.) 
JP Test Solution 2 

Ultracentrifugation: 40000 rpm x 1 hr; the supernatant analyzed by HPLC. 



The results of Test Examples 1 1 , 1 2 and 13 indicate that the extrudate containing oxybutynin hydrochloride retains 
the fundamental properties of an enteric coated product and, yet, has been converted to a solid dispersion. 

45 

Test Example 14 

The release test was carried out with the solid dispersions prepared in Example 8 and Comparative Example 4. As 
shown in Fig. 10, there was no release of nicardipine hydrochloride in JP Test Solution 1 (pH 1.2). On the other hand, 
so a quick release was obtained in JP Test Solution 2 (pH 6.8). 

The above results indicated that the finely divided powder according to the process of the invention has the function 
of acting as an enteric coated product. 

Test Example 15 

55 

The solid dispersions obtained in Example 8 and Comparative Example 4 were subjected to powder X-ray diffrac- 
tion analysis. As shown in Fig. 11, the patterns showed the disappearance of peaks of nicardipine hydrochloride crys- 
tals which had been observed with the bulk powder and a 1 :1 physical mixture. 
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Test Example 16 

The solubility of the solid dispersions prepared in Example 8 and Comparative Example 4 were determined. As 
shown in Table 4, there was found an approximately 6-fold increase in solubility as compared with the bulk substance. 
5 This solubility value approximated that of the solid dispersion prepared by the solvent process in Comparative Example 
4. 



Table 4 



10 




Example 8 


Comparative Example 4 




Compounding ratio (nicardipine hydrochloride:AQOAT) 


1:5 


1:5 


15 


Solubility of nicardipine hydrochloride in solid disper- 
sion(jig/ml) (1) 


52.6 


47.6 


Solubility of nicardipine hydrochloride bulk substance 
(ug/ml) (2) 


8.5 


8.5 




Solubility ratio [(1)/(2)] 


6.2 


5.6 


20 
25 


Test method: 

Saturation dissolution method 
Test conditions: 

Constant-temperature bath (25°C) 
Monocin (24-hr shaking, 24 cycles/min.) 
JP Test Solution 2 

Ultracentrifugation: 40000 rpm x 1 hr; the supernatant analyzed by HPLC. 



The results of Test Examples 14 f 15 and 16 indicate that the extrudate containing nicardipine hydrochloride retains 
30 the fundamental properties of an enteric coated product and, yet, has been converted to a solid dispersion. 

Test Example 17 

The release test was carried out with the solid dispersions prepared in Example 9 and Comparative Example 5. As 
35 shewn in Fig. 12, there was no release of diclofenac sodium in JP Test Solution 1 (pH 1.2). On the other hand, a quick 
release was obtained in JP Test Solution 2 (pH 6.8). 

The above results indicated that the finely divided powder according to the process of the invention has the function 
of acting as an enteric coated product. 

40 Test Example 18 

The solid products obtained in Example 9 and Comparative Example 5 were subjected to powder X-ray diffraction 
analysis. As shown in Fig. 1 3, the patterns showed the disappearance of peaks of diclofenac sodium crystals which had 
been observed with the bulk powder and a 1 :1 physical mixture. 
45 The results of Test Examples 1 7 and 18 indicate that the extrudate containing diclofenac sodium retains the funda- 
mental properties of an enteric coated product and, yet, has been converted to a solid dispersion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so Fig. 1 shows the results of a release test with solid dispersions. The curve up to 180 minutes following the begin- 
ning of the test represents the result generated with JP Test Solution 1 (pH 1 .2) and the curve after 180 minutes follow- 
ing the beginning of the test represents the result obtained with JP Test Solution 2 (pH 6.8). The time (in minutes) is 
plotted on the abscissa and the release rate (%) of Compound A is plotted on the ordinate. In the figure. • represents 
the release curve of the solid dispersion obtained in Example 1 and □ represents the release curve of the solid disper- 

55 sion obtained in Comparative Example 1 . 

Fig. 2 shows the results of powder X-ray diffraction analysis of Compound A-containing solid dispersions. The 
uppermost powder X-ray diffraction pattern represents the X-ray diffraction pattern of the solid dispersion obtained in 
Example 1 ; the second powder X-ray diffraction pattern as reckoned from the top is the X-ray diffraction pattern of the 
solid dispersion obtained in Comparative Example 1 ; the third powder X-ray diffraction pattern as reckoned from the top 
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is the X-ray diffraction pattern of a physical 1 :5 mixture of Compound A and hydroxypropylmethyicellulose acetate suc- 
cinate (AQOAT, AS-MF grade) (Compound ArAQOAT = the same as used in Example 1 and Comparative Example 1) ; 
and the downmost powder X-ray diffraction pattern is the X-ray diffraction pattern of Compound A bulk substance. The 
diffraction angle ( 2 e ) is plotted on the abscissa and the diffraction intensity (CPS) on the ordinate. 

Fig. 3 shows the results of a release test with indomethacin-containing solid dispersions prepared in Example 2. 
The time (in minutes) is plotted on the abscissa and the release rate (%) of indomethacin is plotted on the ordinate. 

Fig. 4 shows the results of powder X-ray diffraction anal/sis of indomethacin-containing solid dispersions. The 
uppermost powder X-ray diffraction pattern represents the X-ray diffraction pattern of the solid dispersion obtained in 
Example 2; the second powder X-ray diffraction pattern as reckoned from the top is the X-ray diffraction pattern of a 1 :5 
solid dispersion of indomethacin and hydroxypropylmethyicellulose phthalate (HPMCP, HP-55F grade) (indometh- 
acin:HPMCP = the same as used in Example 2) prepared by the so-called solvent process; the third powder X-ray dif- 
fraction pattern as reckoned from the top is the X-ray diffraction pattern of a physical 1 :5 mixture of indomethacin and 
HPMCP (indomethacin:HPMCP = the same as used in Example 2); and the downmost powder X-ray diffraction pattern 
is the X-ray diffraction pattern of indomethacin bulk substance. The diffraction angle (2 e) is plotted on the abscissa and 
the diffraction intensity (CPS) on the ordinate. 

Fig. 5 shows the results of a release test with indomethacin-containing solid dispersions prepared in Example 5 in 
JP Test Solution 1 (pH 1.2). The time (in minutes) is plotted on the abscissa and the release rate (%) of indomethacin 
is plotted on the ordinate. In the figure, • represents the release curve of the solid dispersion obtained by addition of 
300 g of wheat starch in Example 5, a represents the release curve of the solid dispersion obtained by addition of 500 
g of wheat starch in Example 5 and □ represents the release curve of the solid dispersion obtained by addition of 1000 
g of wheat starch in Example 5. 

Fig. 6 shows the results of a release test with nifedipine-containing solid dispersions prepared in Example 6 and 
Comparative Example 2. The time (in minutes) is plotted on the abscissa and the release rate (%) of nifedipine is plotted 
on the ordinate. 

In the figure, • represents the release curve of the solid dispersion obtained in Example 6 and □ represents the 
release curve of the solid dispersion obtained in Comparative Example 2. 

Fig. 7 shows the results of powder X-ray diffraction analysis of nifedipine-containing solid dispersions. The upper- 
most powder X-ray diffraction pattern represents the X-ray diffraction pattern of the solid dispersion obtained in Exam- 
ple 6; the second powder X-ray diffraction pattern as reckoned from the top is the X-ray diffraction pattern of the solid 
dispersion obtained in Comparative Example 2; the third powder X-ray diffraction pattern as reckoned from the top is 
the X-ray diffraction pattern of a physical 1 :5 mixture of nifedipine and hydroxypropylmethyicellulose acetate succinate 
(AQOAT, AS-MF grade) (nifedipine:AQOAT = the same as used in Example 6 and Comparative Example 2); and the 
downmost powder X-ray diffraction pattern is the X-ray diffraction pattern of nifedipine bulk substance. The, diffraction 
angle ( 2 9 ) is plotted on the abscissa and the diffraction intensity (CPS) on the ordinate. 

Fig. 8 shows the results of a release test with oxybutynin hydrochloride-containing solid dispersions prepared in 
Example 7 and Comparative Example 3. The time (in minutes) is plotted on the abscissa and the release rate (%) of 
oxybutynin hydrochloride is plotted on the ordinate. 

In the figure, • represents the release curve of the solid dispersion obtained in Example 7 and o represents the 
release curve of the solid dispersion obtained in Comparative Example 3. 

Fig. 9 shows the results of powder X-ray diffraction analysis of oxybutynin hydrochloride-containing solid disper- 
sions. The uppermost powder X-ray diffraction pattern represents the X-ray diffraction pattern of the solid dispersion 
obtained in Example 7; the second powder X-ray diffraction pattern as reckoned from the top is the X-ray diffraction pat- 
tern of the solid dispersion obtained in Comparative Example 3; the third powder X-ray diffraction pattern as reckoned 
from the top is the X-ray diffraction pattern of a physical 1 :5 mixture of oxybutynin hydrochloride and hydroxypropyl- 
methyicellulose acetate succinate (AQOAT, AS-MF grade) (oxybutynin hydrochloriderAQOAT = the same as used in 
Example 7 and Comparative Example 3); and the downmost powder X-ray diffraction pattern is the X-ray diffraction pat- 
tern of oxybutynin hydrochloride bulk substance. The diffraction angle (2 0 ) is plotted on the abscissa and the diffraction 
intensify (CPS) on the ordinate. 

Fig. 10 shows the results of a release test with nicardipine hydrochloride-containing solid dispersions prepared in 
Example 8 and Comparative Example 4. The time (in minutes) is plotted on the abscissa and the release rate (%) of 
nicardipine hydrochloride is plotted on the ordinate. 

In the figure, • represents the release curve of the solid dispersion obtained in Example 8 and □ represents the 
release curve of the solid dispersion obtained in Comparative Example 4. 

Fig. 11 shows the results of powder X-ray diffraction analysis of nicardipine hydrochloride-containing solid disper- 
sions. The uppermost powder X-ray diffraction pattern represents the X-ray diffraction pattern of the solid dispersion 
obtained in Example 8; the second powder X-ray diffraction pattern as reckoned from the top is the X-ray diffraction pat- 
tern of the solid dispersion obtained in Comparative Example 4; the third powder X-ray diffraction pattern as reckoned 
from the top is the X-ray diffraction pattern of a physical 1:5 mixture of nicardipine hydrochloride and hydroxypropyl- 
methyicellulose phthalate (HPMCP, HP-55F grade) (nicardipine hydrochloride: HPMCP = the same as used in Example 
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8 and Comparative Example 4); and the downmost powder X-ray diffraction pattern is the X-ray diffraction pattern of 
nicardipine hydrochloride bulk substance. The diffraction angle (2 6) is plotted on the abscissa and the diffraction inten- 
sity (CPS) on the ordinate. 

Fig . 1 2 shows the results of a release test with diclofenac sodium-containing solid dispersions prepared in Example 

9 and Comparative Example 5. The time (in minutes) is plotted on the abscissa and the release rate (%) of diclofenac 
sodium is plotted on the ordinate. 

In the figure, • represents the release curve of the solid dispersion obtained in Example 9 and □ represents the 
release curve of the solid dispersion obtained in Comparative Example 5. 

Fig. 13 shows the results of powder X-ray diffraction analysis of diclofenac sodium-containing solid dispersions. 
The uppermost powder X-ray diffraction pattern represents the X-ray diffraction pattern of the solid dispersion obtained 
in Example 9; the second powder X-ray diffraction pattern as reckoned from the top is the X-ray diffraction pattern of 
the solid dispersion obtained in Comparative Example 5; the third powder X-ray diffraction pattern as reckoned from the 
top is the X-ray diffraction pattern of a physical 1 :5 mixture of diclofenac sodium and hydroxypropylmethylcellulose 
phthalate (HPMCP, HP-55F grade) (diclofenac sodium:HPMCP = the same as used in Example 9 and Comparative 
Example 5); and the downmost powder X-ray diffraction pattern is the X-ray diffraction pattern of diclofenac sodium bulk 
substance. The diffraction angle (2 0) is plotted on the abscissa and the diffraction intensity (CPS) on the ordinate. 

Claims 

1 . A process for producing a solid dispersion of a drug dissolved or dispersed in a polymer, characterized by employ- 
ing a twin-screw extruder being equipped with paddle means. 

2. The process according to claim 1 which is performed while water, or an aqueous solution or dispersion of a plasti- 
cizer is added into the barrel of the twin-screw extruder. 

3. The process according to claim 1 wherein said polymer is a pH-dependent polymer, a pH-independent polymer or 
a water-soluble polymer. 

4. The process according to claim 1 wherein said polymer is selected from the group consisting of hydroxypropyl- 
methylcellulose phthalate, hydroxypropylmethylcellulose acetate succinate, carboxymethylethylcellulose, cellulose 
acetate phthalate. methacrylic acid copolymer LD, methacrylic acid copolymer S, aminoalkyl methacrylate copoly- 
mer E, poly (vinyl acetal) diethylaminoacetate, polyvinyl pyrrolidone, ethylcellulose, methacrylic acid copolymer RS, 
polyvinyl alcohol, methyicelluiose, hydroxypropylcellulose, hydroxypropylmethylcellulose, carboxymethylceflulose 
sodium, dextrin, pullulan, acacia, tragacanth, sodium alginate, propylene glycol alginate, agar powder, gelatin, 
starch, processed starch and glucomannan. 

5. The process according to claim 1 wherein said drug is selected from the group consisting of antipyretic/ analgesic/ 
antiinflammatory agents, antiulcer agents, coronary vasodilators, peripheral vasodilators, antibiotics, synthetic anti- 
microbial agents, antispasmodic agents, antitussive/antiasthmatic agents, bronchodilators, diuretics, muscle relax- 
ants, cerebral metabolism improving agents, minor tranquilizers, major tranquilizers, p-blockers, antiarrhythmic 
agents, anti-gout agents, anticoagulants, antiepileptics, antihistamines, antiemetics, antihypertensive agents, sym- 
phatomimetic agents, expectorants, oral antidiabetic agents, cardiovascular system drugs, iron preparations, vita- 
mins, therapeutic agents for pollakiuria and angiotensin converting enzyme inhibitors. 

6. The process according to claim 5 wherein said drugs are selected from the group consisting of indomethacin, aspi- 
rin, diclofenac sodium, ketoprofen, ibuprofen, mefenamic acid, dexamethasone, dexamethasone sodium sulfate, 
hydrocortisone, prednisolone, azulene, phenacetin, isopropylantipyrine, acetaminophen, benzydamine hydrochlo- 
ride, phenylbutazone, fiufenamic acid, sodium salicylate, choline salicylate, sasapyrine (salsalate), clofezone, 
etodolac, sulpiride, cetraxate hydrochloride, gefarnate, irsogladine maleate, cimetidine, ranitidine hydrochloride, 
famotidine, nizatidine, roxatidine acetate hydrochloride, nifedipine, isosorbide dinitrate, diftiazem hydrochloride, tra- 
pidil. dipyridamole, dilazep dihydrochloride, methyl^.S-dimethyl^^-nitrophenyO-S^-oxo-I.S^-dioxaphos- 
phorinan-2-yl)-1,4-dihydropyridine-3-carboxylate, verapamil, nicardipine, nicardipine hydrochloride, verapamil 
hydrochloride, ifenprodil tartrate, cinepazide maleate, cycland elate, cinnarizine, pentoxiphylline. ampicillin, amoxi- 
cillin, cefalexin, erythromycin ethyl succinate, bacampicillin hydrochloride, minocycline hydrochloride, chloram- 
phenicol, tetracycline, erythromycin, nalidixic acid, piromidic acid, pipemidic acid trihydrate, enoxacin, cinoxacin, 
ofloxacin, norfloxacin, ciprofloxacin hydrochloride, sulfamethoxazole-trimethoprim, 6-f luoro-1 -methyl-7-[4-(5- 
methyl-2-oxo-1 ,3-dioxolen-4-yl)-methyl-1 -piperazinyl]-4-oxo-4H-[1 ,3]-thiazeto[3,2-a]quinoline-3-carboxylic acid, 
propantheline bromide, atropine sulfate, oxapium bromide, timepidium bromide, scopolamine butylbromide, tros- 
pium chloride, butropium bromide, N-methylscopolamine methylsulfate, octatropine methylbromide, theophylline, 
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aminophylline, methylephedrine hydrochloride, procaterol hydrochloride, trimethoquinol hydrochloride, codeine 
phosphate, cromoglicate sodium, tranilast, dextromethorphan hydrobromide, dimemorfan phosphate, clobutinol 
hydrochloride, fominoben hydrochloride, benproperine phosphate, tipepidine hibenzate, eprazinone hydrochloride, 
clofedanol hydrochloride, ephedrine hydrochloride, noscapine, carbetapentane citrate, oxeladin tannate, isoaminile 
citrate, diprophylline, salbutamol sulfate, ciorprenaline hydrochloride, formoterol fumarate, orciprenaline sulfate, 
pirbuterol hydrochloride, hexoprenaline sulfate, bitolterol mesilate, clenbuterol hydrochloride, terbutaline sulfate, 
mabuterol hydrochloride, fenoterol hydrobromide, methoxyphenamine hydrochloride, furosemide, acetazolamide, 
trichlormethiazide, cyclothiazide, hydrochlorothiazide, hydroflumethiazide, ethiazide, cyclop entiazide, spironolac- 
tone, triamterene, chlorothiazide, piretanide, mefruside, etacrynic acid, azosemide, clofenamide, chlorophenesin 
carbamate, tolperisone hydrochloride, eperisone hydrochloride, tizanidine hydrochloride, mephenesin, chlorzoxa- 
zone, phenprobamate, methocarbamol, chlormezanone, pridinol mesilate, afloqualone, baclofen, dantrolene 
sodium, meclofenoxate hydrochloride, oxazolam, diazepam, clotiazepam, medazepam, temazepam, fludiazepam, 
meprobamate, nitrazepam, chlordiazepoxide, sulpiride, clocapramine hydrochloride, zotepine, chloropromazine, 
haloperidol, pindolol, propranolol hydrochloride, carteolol hydrochloride, metoprolol tartrate, labetalol hydrochlo- 
ride, oxprenolol hydrochloride, acebutolol hydrochloride, bufetolol hydrochloride, alprenolol hydrochloride, aroti- 
nolol hydrochloride, nadolol, bucumolol hydrochloride, indenolol hydrochloride, timolol maleate, befunolol 
hydrochloride, procainamide hydrochloride, disopyramide, ajmaline, quinidine sulfate, aprindine hydrochloride, 
propafenone hydrochloride, mexilethine hydrochloride, allopurinof, probenecid, colchicine, sulfinpyrazone, benz- 
bromarone, bucolome, ticlopidine hydrochloride, dicoumarol, warfarin potassium, phenytoin, sodium valproate, 
metharbital, carbamazepine, chlorpheniramine maleate, clemastine fumarate, mequitazine, alimemazine tartrate, 
cyproheptadine hydrochloride, difenidol hydrochloride, metoclopramide, domperidone, betahistine mesilate, trime- 
butine maleate, dimethylaminoethyl reserpilinate hydrochloride, rescinnamine, methyldopa, prazosin hydrochlo- 
ride, bunazosin hydrochloride, clonidine hydrochloride, budralazine, urapidil, dihydroergotamine mesilate, 
isoproterenol hydrochloride, etilefrine hydrochloride, bromhexine hydrochloride, carbocysteine, cysteine ethyl ester 
hydrochloride, cysteine methyl ester hydrochloride, glibenclamide, tolbutamide, glymidine sodium, ubidecarenone, 
ATP 2Na, ferrous sulfate, dried iron sulfate, vitamin B 1t vitamin B 2 , vitamin B 6 , vitamin B 12 , vitamin C. folic acid, fla- 
voxate hydrochloride, oxybutynin hydrochloride, terodiline hydrochloride, 4-diethylamino-1 ,1-dirnethyl-2-butynyl(+)- 
a-cyclohexyl-a-phenylglycolate hydrochloride monohydrate, enalapril maleate, alacepril and delapril hydrochloride. 

Patentanspruche 

1 . Verfahren zum Herstellen einer festen Dispersion eines in einem Polymer gelosten oder dispergierten Arzneimittel, 
gekennzeichnet durch die Verwendung eines mit einer Paddeleinrichtung ausgestatteten Dappelschneckenextru- 
ders. 

2. Verfahren noch Anspruch 1 , welches durchgefuhrt wird, wahrend Wasser oder eine wSBrige L&sung oder Disper- 
sion eines Weichmachers den Behaiter des Doppelschneckenextruders zugesetzt wird. 

3. Verfahren nach Anspruch 1, worin das Polymer ein pH-abhangiges Polymer, ein pH-unabhangiges Polymer oder 
ein wasserlOsliches Polymer ist. 

4. Verfahren nach Anspruch 1, worin das Polymer aus Hydroxypropylmethylcellulosephthalat, Hydroxypropylmethyl- 
celluloseacetetat-succinat, Carboxymethylethylcellulose, Celluloseacetatphthalat, Methacrylsaure-Copolymer LD, 
Methacrylsaure-Copolymer S, Aminoalkylmethacrylat-Copolymer E, Poly(vinylacetal)diethylaminoacetat, Polyvi- 
nylpyrrolidon, Ethylcellulose, Methacrylsaure-Copolymer RS, Polyvinylalkohol, Methylcellulose, Hydroxypropylcel- 
lulose, Hydroxypropylmethylcellulose, Natriumcarboxymethylcellulose, Dextrin, Pullulan, Akazie. Tragacanth, 
Natriumalginat, Propylenglycolalginat, Agarpulver, Gelatine, Starke, behandelte Starke und Glucomannan ausge- 
wahlt ist. 

5. Verfahren nach Anspruch 5, worin das Arzneimittel aus fiebersenkenden, schmerzlindernden/entzundungshem- 
menden Mitteln, Antiulkus-Mitteln, coronaren Vasodilatoren, peripheren Vasodiiatoren, Antibiotika, synthetischen 
antimikrobiellen Mitteln, krampflOsenden Mitteln , hustenreizmildernden/antiasthmatischen Mitteln, bronchiener- 
weiternden Mitteln, Diuretika. Muskelrelaxanzien, cerebralen stoffwechselverbessernden Mitteln, leichten Tranqui- 
lizern, starken Tranquilizern, p-Blockern, arrtiarrhythmischen Mitteln, Antigichtmitteln, Antikoagulanzien, 
Antiepileptika, Antihistaminen, erbrechenverhindernden Mitteln, blutdrucksenkenden Mitteln, sympathomimeti- 
schen Mitteln, schleimlfisenden Mitteln, oralen Antidiabetismitteln, Kreislaufsystemmitteln, Eisenzubreitungen, Vit- 
aminen, therapeutischen Mitteln fur die Pollakisurie und Angiotensin umwandelnde Enzyminhibitoren ausgewahlt 
ist. 
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6. Verfahren nach Anspruch 5, worin die Arzneimittel aus Indometacin, Aspirin, Diclofenac- Natrium, Ketoprofen, Ibu- 
profen, Mefenaminsaure, Dexamethason, Dexamethason-Natriumsulfat, Hydrocortison, Prednisolon, Azulen, 
Phenacetin, Isopropylantipyrin, Acetaminophen, Benzydaminhydrochlorid. Phenylbutazon, Flufenaminsaure, 
Natriumsalicylat, Cholinsalicylat, Sasapyrin(Salsalat), Clofezon. Etodolac, Sulpirid. Cetraxathydrochlorid, Gefar- 
nat, Irsogladinmaleat, Cimetidin, Ranitidinhydrochlorid, Famotidin, Nizatidin, Roxatidinacetathydrochlorid, Nifedi- 
pin, Isosorbiddinitrat, Diltiazemhydrochlorid, Trapidil, DipyridamoJ, Dilazepdihydrochlorid, Methyl-2,6-dimethyl-4-(2- 
nitrophenyl)-5-(2-oxo-1 ,3.2-dioxaphasphorinan-2-yl)-1 ,4-dihydropyridin-3-carboxylat, Verapamil, Nicardipin, Nicar- 
dipinhydrochlorid, Verapamilhydrochlorid, Ifenprodiltartrat, Cinepazidmaleat, Cyclandelat. Cinnarizin, Pentoxiphyl- 
lin, Ampicillin, Amoxicillin, Cefalexin, Erythromycinethylsuccinat, Bacamicillinhydrochlorid, Minocyclinhydrochlorid, 
Chloramphenicol, Tetracyclin, Erythromycin, NalidixinsSure. Piromidinsaure, PipemidinsSuretrihydrat, Enoxacin, 
Cinoxacin, Ofloxacin, Norfloxacin, Ciprofloxacinhydrochlorid, Sulfamethoxazole methoprim, 6-Fluor-1-methyl-7-[4- 
(5-methyl-2-oxo-1 ,3-diaxolen-4-yl)-methyl-1 -piperazinyl]-4-oxo-4H-[1 ,3]-thiazeto[3,2-a]quinolin-3-carboxinsaure, 
Propanthelinbromid, Atropinsulfat, Oxapiumbromid, Timepidiumbromid, Scopolaminbutylbromid, Trospiumchlorid, 
Butropiumbromid, N-Methylscopolaminmethylsulfat, Odatropinmethylbromid, Theophyllin, Aminophyllin, Methyle- 
phedrinhydrochlorid, Procaterolhydrochlorid, Trimethoquinolhydrochlorid, Codeinphosphat, Cromoglicatnatrium, 
Tranilast, Dextromethorphanhydrobromid, Dimemorfanphosphat, Clobutinolhydro chlorid, Fominobenhydrochlorid, 
Benproperinphosphat, Tipepidinhibenzat, Eprazinonhydrochlorid, Clofedanolhydrochlorid, Ephedrinhydrochlorid, 
Noscapin, Carbetapentancitrat, Oxeladintannat, Isoaminilcitrat, Diprophyllin, Salbutamolsulfat, Chlorprenalinhydro- 
chlorid, Formoterolfumarat, Orciprenalinsulfat, Pirbuterolhydrochlorid, Hexoprenalinsulfat, Bitolterolmesilat, Clen- 
buterolhydrochlorid, Terbutalinsulfat, Mabuterolhydrochlorid, Fenoterolhydrobromid, Methoxyphenaminhydro- 
chlorid, Furosemid, Acetazolamid, Trichlormethiazid, Cyclothiazid, Hydrochlorthiazide. Hydroflumethiazid, Ethia- 
zid, Cyclopentiazid, Spironolacton, Triamteren, Chlorthiazid, Piretanid, Mefrusid, Etacryninsaure, Azosemid, 
Clofenamid, Chlorphenesincarbamat, Tolperisonhydrochlorid, Eperisonhydrochlorid, Tizanidinhydrochlorid, 
Mephenesin, Chlorzoxazon, Phenprobamat, Methocarbamol, Chlormezanon, Pridinolmesilat, Afloqualon, Bacl- 
ofen, Dantrolennatrium, Medofenoxathydrochiorid, Oxazolam, Diazepam, Clotiazepam, Medazepam, Temaze- 
pam, Fludiazepam, Meprobamat, Nitrazepam, Chlordiazepoxid, Sulpirid, Clocapraminhydrochlorid, Zotepin, 
Chlorpromazin, Haloperidol, Pindolol, Propranololhydrochlorid, Carteololhydrochlorid, Metoprololtartat, Labetalol- 
hydrochlorid, Oxprenololhydrochlorid, Acebutololhydrochlorid, Bufetololhydrochlorid, Alprenololhydrochlorid, Aroti- 
nololhydrochlorid, Nadolol, Bucumololhydrochlorid, Indenololhydrochlorid, Timololmaleat, Befunololhydrochlorid, 
Procainamidhydrochlorid, Disopyramid, Ajmalin, Quinidinsulfat, Aprindinhydrochlorid, Propafenonhydrochlorid, 
Mexilethinhydrochlorid, Allopurinol, Probenecid, Colchicin, Sulfinpyrazon, Benzbromaron, Bucolom, Ticlopidinhy- 
drochlorid, Dicoumarol, Warfarin-Kalium, Phenytoin, Natriumvalproat, Metharbital, Carbamazepin, Chlorphenira- 
minmaleat, Clemastinfumarat, Mequitazin, Alimemazintartrat, Cyproheptadinhydrochlorid, Difenidolhydrochlorid, 
Metoclopramid, Domperidon, Betahistinmesilat, Trimebutinmaleat, Dimethylaminoethylreserpilinathydrochlorid, 
Rescinnamin, Methyldopa, Prazosinhydrochlorid, Bunazosinhydrochlorid, Clonidinhydrochlorid, Budralazin, Urapi- 
dil, Dihydroergotaminmesilat, Isoproterenolhydrochlorid, Etilefrinhydrochiorid, Bromhexinhydrochlorid, Carbocy- 
stein, Cysteinethylesterhydrochlorid. Cysteinmethyl esterhydrochlorid, Glibenclamid, Tolbutamid, Glymidin- 
Natrium, Ubidecarenon, ATP 2Na, Eisen(ll)-sulfat, getrocknetes Eisensulfat, Vitamin B 1a Vitamin B2, Vitamin B 6 , 
Vitamin B 12 , Vitamin C, Folsaure, Flavoxathydrochlorid, Oxybutyninhydrochlorid. Terodilinhydrochlorid, 4-Ethyl- 
amino-1 ,1 <limethyl-2-butynyl(+)-a-cyclohexyl-a-phenylglycolathydrochloridmonohydrat, Enalaprilmaleat, Alacepril 
und Delaprilhydrochiorid ausgewahlt sind. 

Revendications 

1. Proc6d6 pour preparer une dispersion solide d'un medicament dissout ou disperse dans un polym^re caract6ris6 
en ce que Ton met en oeuvre une extrudeuse a deux vis 6quip6e de moyens d'agitation. 

2. Proc6d6 selon la revendication 1 dont la mise en oeuvre est r6alis6e en ajoutant de I'eau, ou une solution ou dis- 
persion aqueuse d'un agent plastif iant a I'interieur du corps de I'extrudeuse a deux vis 

3. Proc&te selon la revendication 1 caract6ris6 en ce que ledit polymSre est un polymSre dependant du pH, un poly- 
mfcre ind6pendant du pH ou un polym^re hydrosoluble. 

4. Proc6d6 selon la revendication 1 caract6ris6 en ce que ledit polym^re est s6lectionn6 parmi le groupe consistant 
en phtalate d'hydroxypropylmgthylcelluiose, succinate acetate d'hydroxypropylm&hylcellulose, carboxym6thyl6- 
thylcellulose, phtalate acetate de cellulose, copolymgre basse density d'acide mgthacrylique, copolymSre d'acide 
m6thacrylique S, copolymdre de m&hacrylate d'aminoalkyle E, di6thylaminoac6tate de poly (vinyle ac6tal), polyvi- 
nyle pyrrolidone, ^thylcellulose, copolym^re d'acide m6thacrylique RS, alcool polyvinylique, m6thylcellulose, 
hydroxypropylcellulose, hydroxypropylm&hylcellulose, sel de sodium de la carboxym&hylcellulose, dextrine, pullu- 
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lane, acacia, gomme adraganthe, alginate de sodium, alginate de propylene glycol, poudre d'agar, gelatine, ami- 
don, amidon transforms et glucomannane. 

5. Procede selon la revendication 1 dans lequel ledit medicament est seiectionne parmi le groupe consistant en 
agents antipyr^tiques/analg6siques/antiinflammatoires, agents arrti-ulc6rants, vasodilatateurs coronariens, vasodi- 
latateurs p6riph§riques, antibiotiques, agents antimicrobiens synthetiques, agents antispasmodiques. agents anti- 
tussifs/antiasthmatiques, bronchodilatateurs, diuretiques, myorelaxants, agents ameiiorant le metabolisme 
cerebral, tranquillisants mineurs, tranquillisants majeurs, p-bloquants, agents anti-arrhythmiques, agents antigout- 
tes, anticoagulants, anti-6pileptiques, antihistaminiques, anti-6metiques agents antihypertensifs, agents sympato- 
mimetiques, expectorants, agents antidiabetiques oraux, medicaments du systeme cardiovasculaire, preparations 
& base de fer, vitamines, agents th6rapeutiques pour la pollakisurie et inhibiteurs de I'enzyme de conversion de 
I'angiotensine. 

6. Proc6d6 selon la revendication 5 dans lequel lesdits medicaments sont seiectionnes parmi le groupe consistant en 
indomethacine, aspirine, diclofenac de sodium, ketoprofene, ibuprofene, acide m6fenamique, dexamethasone, sul- 
fate de sodium de dexamethasone, hydrocortisone, prednisolone, azuiene, ph6nacetine, isopropylantipyrine, ac6- 
taminophene, chlorhydrate de benzydamine, phenylbutazone, acide fluf6namique. salicylate de sodium, salicylate 
de choline, sasapyrine (salsalate), clof6zone, etodolac, sulpiride, chlorhydrate de cetraxate, g6farnate, maieate 
d'irsogladine, cimetidine, chlorhydrate de ranitidine, famotidine, nizatidine, chlorhydrate d'acetate de roxatidine, 
nifedipine, dinitrate d'isosorbide, chlorhydrate de diltiazem, trapidil, dipyridamol, dichlorhydrate de dilazep, 2,6- 
dimethyl-4-(2-nitroph6nyl)-5-(2-oxo-1 , 3, 2-dioxaphosphorinan-2-yl)-1 ,4-dihydropyridine 3-carboxylate de m6thyle, 
verapamil, nicardipine, chlorhydrate de nicardipine, chlorhydrate de verapamil, tartrate d'ifenprodil, maieate de 
cinepazide, cyclandeiate, cinnarizine, pentoxiphylline, ampicilline, amoxicilline, c6falexine, ethyl succinate 6rythro- 
mycine, chlorhydrate de bacampicil line, chlorhydrate de minocycline, chloramphenicol, tetracycline, erythromycine, 
acide nalidixique, acide piromidique, acide pip6midique trihydrate, enoxacine, cinoxacine, of loxacine, norf loxacine, 
chlorhydrate de ciprof loxacine, sulfamethoxazole-trimethoprim, acide 6-fluoro-1-methyl-7-[4-(5-m6thyl-2-oxo-1,3- 
dioxolen-4-yl)-methyl-1-pip6razinyl]-4-oxo-4H-[1,3]-thiazeto [3,2-a] quino16ine-3-carboxylique, bromure de propan- 
theline, sulfate d'atropine, bromure d'oxapium, bromure de timepidium, butylbromure de scopolamine, chlorure de 
trospium, bromure de butropium, methylsulfate de N-methylscopolamine. m6thylbromure d'octatropine, theophyl- 
line, aminophylline, chlorhydrate de methyiephedrine, chlorhydrate de procaterol. chlorhydrate de trimethoquinol, 
phosphate de codeine, cromoglicate de sodium, tranilast, bromhydrate de dextromethorphane, phosphate de 
dimemorfan, chlorhydrate de clobutinol, chlorhydrate de fominobene, phosphate de benprop6rine, hibenzate de 
tipepidine. chlorhydrate d'eprazinone, chlorhydrate de clofedanol, chlorhydrate d'epliedrine, noscapine, citrate de 
carbetapentane, tannate d'oxeiadine, citrate d'isoaminile, diprophylline, sulfate de salbutamol, chlorhydrate de clor- 
prenaline, fumarate de formoterol, sulfate d'orciprenaline. chlorhydrate de pirbuterol, sulfate d'hexoprenaline, 
mesylate de bitolterol, chlorhydrate de clenbuterol, sulfate de terbutaline, chlorhydrate de mabuterol, bromhydrate 
de fenoterol, chlorhydrate de methoxyph6namine, furosemide, acetazolamide, trichlormethiazide, cyclothiazide, 
hydrochlorothiazide, hydroflumethiazide, ethiazide, cyclopentiazide, spironolactone, triamterene, chlorothiazide, 
piretanide, m6fruside, acide etacrynique, azosemide, clofenamide, carbamate de chloroph6nesine, chlorhydrate 
de tolp6risone, chlorhydrate d'eperisone, chlorhydrate de tizanidine, mephenesine, chlorzoxazone, phenproba- 
mate, methocarbamol, chlormezanone, mesylate de pridinol, afloqualone, baclofene, dantrolene de sodium, chlo- 
rhydrate de meclofenoxate. oxazolam. diazepam, clotiazepam, medazepam, temazepam, fludiazepam, 
meprobamate. nitrazepam, chlordiaz6poxyde, sulpiride, chlorhydrate de clocapramine, zotepine, chloropromazine, 
halopteridol, pindolol, chlorhydrate de propranolol, chlorhydrate de carteolol, tartrate de metoprolol, chlorhydrate 
de labetalol, chlorhydrate d'oxprenolol, chlorhydrate d'acebutolol, chlorhydrate de bufetolol, chlorhydrate d'alpr6no- 
lol, chlorhydrate d'arotinolol, nadolol, chlorhydrate de bucumolol, chlorhydrate d'ind6nolol, maieate de timolol, chlo- 
rhydrate de befonolol, chlorhydrate de procainamide, disopyramide. ajmaline, sulfate de quinidine, chlorhydrate 
d'aprindine, chlorhydrate de propafenone, chlorhydrate de mexiiethine, allopurinol, prob6n6cide, colchicine, sul- 
finpyrazone, benzbromarone, bucolome, chlorhydrate de ticlopidine, dicoumarol, warfarine de potassium, ph6ny- 
toTne. valproate de sodium, metharbital, carbamazepine, maieate de chlorpheniramine, fumarate de clemastine, 
mequitazine, tartrate d'alimemazine, chlorhydrate de cyproheptadine, chlorhydrate de difenidol, metoclopramide, 
domperidone, mesylate de betahistine, maieate de trim6butine, chlorhydrate de r6serpilinate dimethylaminoethyle, 
rescinnamine, methyldopa, chlorhydrate de prazosine, chlorhydrate de bunazosine, chlorhydrate de clonidine, 
budralazine, urapidil, mesylate de dihydroergotamine, chlorhydrate d'isoprot6renol, chlorhydrate d'etilefrine, chlo- 
rhydrate de bromhexine, carbocysteine, chlorhydrate de Tester ethylique de la cysteine, chlorhydrate de Tester 
methylique de la cysteine, glibenclamide, tolbutamide, glymidine de sodium, ubid6carenone, ATP 2Na, sulfate fer- 
reux, sulfate de fer anhydre, vitamine B 1 , vitamine B 2 , vitamine B 6 , vitamine B 12 , vitamine C, acide folique, chlorhy- 
drate de flavoxate, chlorhydrate d'oxybutynine, chlorhydrate de t6rodiline chlorhydrate du 4-di6thylamino-1,1- 
dimethyl-2-butynyl (+)-a-cyclohexyl-a-phenylglycolate monohydrate, maieate d'enalapril, alacepril et chlorhydrate 
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